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Bróna Furlong, BSc, PhD5, Niall Moyna, BSc, MSc, PhD2,
Noel McCaffrey, MB, BSc, MSc6, and Catherine Woods, BSc, PhD7

Abstract
Regular physical activity (PA) can address many of the negative side effects experienced by individuals following cancer treatment
and support the optimization of physical and psychosocial well-being. However, many survivors of cancer are not sufficiently
active to achieve these health benefits. The purpose of this study was to describe the development of a physical activity behavior
change (PABC) intervention, MedEx IMPACT (IMprove Physical Activity after Cancer Treatment), which aims to increase cancer
survivors’ PA levels. A review of the literature and focus groups with survivors of cancer were conducted in order to generate
recommendations to inform the intervention development process. This process was guided and informed by: (1) the Medical
Research Council’s (MRC) framework for the development, evaluation, and implementation of complex interventions, (2) the
Behaviour Change Wheel (BCW), and (3) the Theoretical Domains Framework (TDF). Recommendations for strategies to
support habitual PA and adherence to community-based exercise programs, generated by survivors of cancer who participated in
7 focus groups (n¼ 41), were synthesized with 13 statements of findings that were generated from 10 studies included within the
review of the literature. Detailed mapping exercises are presented which outline the link between these sources, the MRC
framework, the BCW and TDF, and the intervention content. MedEx IMPACT is the first PABC intervention for survivors of
cancer to be developed through the application of the MRC framework, BCW, and TDF. The next phase in this research is to test
the acceptability and effectiveness of MedEx IMPACT.
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Introduction

Advances in the screening, diagnosis, and treatment of cancer

have contributed to significant increases in the number of indi-

viduals living with and beyond the condition.1 Prevalence esti-

mates from the World Health Organization indicate that

globally, there are 32.6 million survivors of cancer who had a

cancer diagnosis in the previous 5 years.2 The term cancer sur-

vivor can be applied to an individual from the point of cancer

diagnosis throughout the remainder of life.3,4 The long-term and

latent effects of cancer and its treatment can pose a number of

challenges for these individuals including reductions in physical

function and quality of life, the presence of cancer-related fati-

gue, increased risk of cancer morbidity and mortality, and

increased risk for the development of other chronic conditions

(eg, cardiovascular diseases, osteoporosis).5-9

To assist in addressing many of these negative consequences

and to support the optimization of physical and psychosocial

well-being, the inclusion of physical activity (PA) as an adjunct

to cancer treatment has been advocated.10,11 This is important

in light of the fact that the majority of individuals living with

and beyond cancer are not sufficiently active to achieve the

health benefits associated with regular PA.12-15

Although the benefits of PA and exercise throughout the

cancer journey have been well documented,16-19 there is a

dearth of evidence demonstrating the effectiveness of existing

PA and exercise interventions to support sedentary individuals

living with and beyond cancer to meet the recommended PA

guidelines.12,15 The need to identify the most effective methods

to support survivors of cancer to increase and achieve long-

term adherence to PA was highlighted in a recent publication

which proposed the top 10 research questions for the field of

PA and cancer survivorship.20 Most of the available evidence

regarding adherence to PA among individuals living with and

beyond cancer is drawn from studies with short-term interven-

tions (<12 weeks) and follow-up (3-6 months).12,15 As a result,

the long-term impact of such interventions remains

unclear.12,15,21 In addition, many studies have used self-

report measures to assess PA levels, which can be subject to

multifarious bias.12,15

Theoretically informed interventions enhance the effective-

ness of behavior change (BC) components,22,23 as the relation

between constructs, that are predictive of BC, can be under-

stood, translated into intervention content, and then examined

for an explanation of how an intervention achieved, or not, its

desired outcome.24 The use of theory and the level of detail

regarding its application within intervention design studies var-

ies widely.23,25 Consequently, assessing the intensity of theory

application and its impact on BC can be difficult.23,25 In a

recent Cochrane review of interventions for promoting habitual

exercise in people living with and beyond cancer, an analysis

by BC theory and outcome was not possible given that only a

minority of trials had stated a theoretical basis for their inter-

vention.15 The Medical Research Council’s (MRC) framework

for the development, implementation, and evaluation of com-

plex interventions was designed to assist researchers in

adopting suitable methodologies.26 According to the frame-

work, within the development phase of complex interventions,

researchers should identify the existing evidence for the topic

under discussion (ie, review the existing literature) in order to

gain an in-depth understanding of the problem and subse-

quently identify relevant theory to inform the intervention

development process.26

To address the limitations of existing theoretical frameworks,

including their broad scope and incoherent definitions of theore-

tical constructs,27,28 The Behaviour Change Wheel (BCW) was

developed.29,30 The BCW provides a comprehensive and sys-

tematic approach to intervention design.29,30 Its purpose is to

synthesize BC theory and scientific evidence to promote a sys-

tematic and comprehensive analysis of all available options for an

intervention.30,31 Through this application of behavioral science,

it aims to ensure that intervention components act synergisti-

cally.30,31 This approach supports intervention designers to make

the best use of the understanding of the target behavior and the

resources available in order to arrive at a particular strategy.32

Details of the BCW and its method of application are

described elsewhere.30 In short, at the center of the BCW is

the COM-B model, which focuses on how an individual’s capa-

bility, opportunity, and motivation interact to influence beha-

vior. The COM-B model is used to perform a behavioral

diagnosis to assist in the identification of a target behavior for

an intervention. Intervention designers then select which inter-

vention functions to implement in order to support performance

of the target behavior by the intended population. Each inter-

vention function can in turn be linked with behavior change

techniques (BCTs), which are specific strategies, embedded

within an intervention, designed to change behavior.30 As part

of the BCW method, intervention designers are encouraged to

apply the Theoretical Domains Framework (TDF).30,31 This

framework assists in further subdividing the factors identified

in the COM-B behavioral diagnosis into 14 theoretical domains

(eg, knowledge, skills, goals). The TDF provides comprehen-

sive coverage of the possible influences on the target behavior

and can address implementation problems by linking theories

of BC with techniques of BC.31 Further details of the TDF are

described elsewhere.31,33

Another strategy that has received increasing attention for

its potential to make research more relevant is the promotion of

patient and public involvement (PPI).34,35 PPI is defined by

The National Institute for Health Research’s Advisory Group

(INVOLVE) as research that is being conducted with or by

members of the public rather than to, about, or for them.35 The

inclusion of members of the public as active partners can

ensure that all aspects of a project, from design to dissemina-

tion, are influenced by individuals’ real-life experiences and

therefore ensures that the research is relevant and meaningful

to the intended population.36 There is also evidence to suggest

that PPI can improve research quality.37

MedEx is a community-based exercise rehabilitation pro-

gram that offers supervised exercise classes to individuals liv-

ing with chronic conditions. The MedEx IMPACT (IMprove

Physical Activity after Cancer Treatment) intervention was
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developed to be delivered to adults �18 years with an estab-

lished diagnosis of cancer who had completed treatment, had

been referred to MedEx, and given medical approval to partic-

ipate in an exercise program by a health-care professional.

Exclusion criteria for MedEx IMPACT were: (1) an uncon-

trolled cardiovascular condition, (2) a significant musculoske-

letal or neurological condition, or (3) a significant mental

illness or intellectual disability that restricted participation in

an exercise training program. An investigation into the feasi-

bility and effectiveness of the MedEx IMPACT intervention

versus usual care (supervised exercise classes only) has been

conducted. The purpose of this study is to systematically

describe the development process of the MedEx IMPACT

intervention, which adopted a patient-centered, evidenced-

based and theoretically-informed approach. The primary aim

of the MedEx IMPACT intervention is to increase the PA

levels of individuals living with and beyond cancer who have

been referred to a community-based exercise program.

Methods

The intervention development process was guided by findings

from a review of the literature, end-user recommendations, the

MRC’s framework for the development, implementation and eva-

luation of complex interventions,26 the BCW30 and the TDF.31

The development of the MedEx IMPACT intervention con-

sisted of 5 phases:

(1) a review of literature to: (a) establish the determinants

of PA behavior, adherence, and maintenance for sur-

vivors of cancer and (b) review PA behavior change

(PABC) interventions for this population;

(2) engagement with individuals living with and beyond

cancer through focus groups to: (a) explore individu-

als’ experiences of PA throughout the cancer journey,

(b) understand the factors that influence PA participa-

tion, and (c) obtain recommendations regarding strate-

gies to support habitual PA and adherence to

community-based exercise programs;

(3) theoretical framework selection and application;

(4) operationalizing findings into intervention compo-

nents; and

(5) engagement with a stakeholder expert panel (SEP) to

determine intervention acceptability.

Table 1 presents an overview of how the intervention devel-

opment phases were aligned with the stages of the MRC frame-

work for the development, implementation and evaluation of

complex interventions.26

Procedure

Medical Research Council Framework Stage 1—Identifying the
Evidence Base

Review of literature. The following databases were searched

during the review of the literature: The Cochrane Library,

EMBASE, MEDLINE, CINAHL, PsycINFO, and SportDiscus

from inception to May 2016. Gray literature and conference

proceedings were also searched. Details of the methodology for

the review of the literature including key search terms and

inclusion and exclusion criteria are presented in Supplementary

Additional File 1. Four searches were conducted to identify the

determinants of (1) PA behavior, adherence, and PA mainte-

nance, for individuals living with and beyond cancer and (2) to

identify components and/or strategies from previous BC inter-

ventions that have been effective in increasing the PA levels of

individuals living with and beyond cancer. Recommendations

were generated from the studies included within the review of

the literature to inform intervention development.

Focus groups. Individuals attending a community-based exer-

cise program for survivors of cancer (that offered 12 weeks of

twice weekly supervised, structured exercise classes), and a

cancer support center, were invited to participate in the focus

groups. Individuals interested in taking part completed the PA

screening questionnaire outlined in the National Exercise

Referral Framework.38 Participants were then allocated to a

focus group depending on their current level of PA as categor-

ized by the questionnaire and their level of engagement with

the community-based exercise program (eg, current attender,

nonattender, graduate of the program). Individuals recruited

from the cancer support center participated in the same focus

group. Ethical approval was granted by the Dublin City Uni-

versity Research Ethics Committee (DCUREC/2015/203).

Semi-structured interview scripts developed using the

COM-B model30 were used to guide the focus group discus-

sions (Supplementary Additional File 2). Questions focused on

exploring individuals’ capability, opportunity and motivation

to be regularly physically active. Prior to the focus group,

participants completed an investigator developed questionnaire

Table 1. Phases of the MedEx IMPACT Intervention Development
Process Aligned With Stages of the MRC Framework for the Devel-
opment, Implementation, and Evaluation of Complex Interventions.26

Key Elements From
the MRC Framework
for the Development of
Complex Interventions

Phases of the MedEx
IMPACT Intervention
Development Process

Identifying the evidence
base

(1) Review of the
literature

(2) Focus groups with
individuals living
with and beyond
cancer

Identify/develop theory (3) Theoretical
framework
selection and
application

Modelling process and
outcomes

(4) Engagement with a
stakeholder expert
panel

Abbreviations: IMPACT, IMprove Physical Activity after Cancer Treatment;
MRC, Medical Research Council.
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regarding preferences for PA and opinions regarding strategies

to support habitual PA. The focus groups included a discussion

of the participants’ responses to this questionnaire and potential

strategies to support adherence to community-based exercise

programs. Each focus group was audio recorded and conducted

by a trained qualitative researcher. Each focus group lasted

between 50 and 90 minutes. Audio recordings were transcribed

verbatim and analyzed using a thematic analysis approach.39

Further details regarding the methods for recruitment, data

collection and analysis have been reported elsewhere.40 Details

of PPI within this study are outlined in the Guidance for

Reporting Involvement of Patients and the Public short-form

checklist.35

Medical Research Council Framework Stage 2—Identify/Develop
Theory

Theoretical framework selection and application. Existing the-

oretical frameworks, including Social Cognitive Theory41 and

the Transtheoretical Model of Behavior Change,42 were

reviewed. The BCW and the TDF were selected to guide the

intervention development process.30,31 The BCW was chosen

as it addresses limitations identified within existing theoretical

frameworks and provides a systematic method for understand-

ing BC.29,30 In the first stage of the BCW process, the problem

was defined in behavioral terms whereby the target population

and behavior were selected. The target behavior, to increase

cancer survivors’ PA levels, was selected based on a number of

criteria outlined by Michie and colleagues, including how easy

it is likely to be to change the behavior (which may be influ-

enced by a number of factors including financial and/or human

resources, acceptability, and preference) and the ease of mea-

surement.30 The target behavior was specified according to the

criteria presented in Table 2.30 The application of the TDF is

encouraged as part of the BCW method.30,31,33 This framework

assists in further subdividing the factors identified in the

COM-B behavioral diagnosis into 14 theoretical domains that

are specified within the TDF. The TDF provides comprehen-

sive coverage of the possible influences on the target behavior

and can address implementation problems by linking theories

of BC with techniques of BC.31,33 It has also been suggested

that use of the TDF may further improve the planning and

reporting of theory application within interventions and pro-

vide evidence for the use of specific BCTs and overall theo-

retical coherence.23,43

A behavioral diagnosis was undertaken which involved

synthesizing findings from the focus groups and the review

of the literature with COM-B model constructs to identify what

strategies should be implemented to support performance of the

target behavior.

In stage 2, the behavioral diagnosis was linked with inter-

vention functions (eg, education, training, enablement) that

were likely to increase cancer survivors’ PA levels. The afford-

ability, practicability, effectiveness, cost-effectiveness, accept-

ability, safety and equity (APEASE) criteria acknowledge that

BC interventions are conducted within a social context and list

important factors that should be considered during the T
a
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intervention design process including affordability, practic-

ability, effectiveness, cost-effectiveness, acceptability,

safety, and equity.30 The APEASE criteria were applied in

the selection of intervention functions. Policy categories

were not applied within this intervention.

In stage 3, BCTs that could deliver the identified interven-

tion functions were selected from the Behavior Change Tech-

nique Taxonomy.44 The final stage in the intervention design

process identified the optimal mode of delivery. The selected

BCTs and mode of delivery were translated into intervention

components.

A mapping exercise was undertaken to outline the links

between intervention components, intervention functions, TDF

constructs, and BCTs (see Tables 4 and 5).

Operationalizing findings into intervention components. Upon

completion of phases 1 to 3, the key findings and recom-

mendations from each phase were synthesized. In phase 4,

the intervention content and format were developed based

on this information. The BCW and TDF provided the theo-

retical framework for intervention design, while the recom-

mendations, generated by focus group participants regarding

strategies to support habitual PA and adherence to

community-based exercise programs, formed the foundation

for intervention content development. These recommenda-

tions were analyzed within the context of the results from

the review of the literature, and the intervention content was

further refined.

Medical Research Council Development Stage 3—Modelling Process
and Outcomes

Stakeholder expert panel. To determine the acceptability of

the intervention to the intended population and to obtain

stakeholder feedback, the intervention was presented at a

2-hour workshop to an SEP (n ¼ 11) which included:

(1) individuals who were currently attending or had grad-

uated from a community-based exercise program for sur-

vivors of cancer (n¼4), (2) representatives from a national

cancer charity (n ¼ 3), (3) an oncology liaison nurse

(n ¼ 1), (4) exercise instructors involved in the delivery

of a community-based exercise program for survivors of

cancer (n ¼ 2), and (5) a medical director for a

community-based chronic illness exercise rehabilitation

program (n ¼ 1). Ethical approval was granted by the

Dublin City University Research Ethics Committee

(DCUREC/2017/076). During the workshop, an overview

of the proposed intervention was presented, and stake-

holders were asked to discuss questions that had been

generated by the research team, regarding intervention

acceptability and effectiveness. Following this exercise,

the discussion was opened to the floor and stakeholders

asked questions of the research team and shared their

comments and recommendations to inform intervention

design.

Results

The results from each stage of the intervention development

process are outlined below.

Medical Research Council Development Stage 1—
Identifying the Evidence Base

Findings from the review of literature. From the 4 searches that

were conducted during the review of the literature, 10 studies

were identified to inform the intervention development pro-

cess. Table 3 provides an overview of statements of findings

that were generated from the review of the literature to inform

the intervention development process.

Medical Research Council Development Stage 1—
Identifying the Evidence Base

Focus group findings. Seven focus groups with 41 individuals

living with and beyond cancer were conducted (56% female;

mean [+ standard deviation] age 57.7 [+ 9.1 years]). Partici-

pants had a cancer diagnosis of breast (41%), prostate (27%),

colorectal (20%), or “other” (12%—including lung, cervical,

and melanoma) cancer. The focus group discussions provided

valuable information regarding individuals’ experiences of PA

throughout the cancer journey and the factors that influence PA

participation. These findings and the 8 recommendations for

strategies to support habitual PA and adherence to community-

based exercise programs that were generated from the discus-

sions are described in detail elsewhere.40 In summary, the 8

recommendations advocated for the inclusion of: (1) individua-

lized exercise prescription, (2) group-based supervised exercise

classes with peers (ie, individuals who have also undergone

treatment following a cancer diagnosis), (3) goal setting and

action planning, (4) quantification and measurement of PA,

(5) provision of information regarding additional health beha-

viors (ie, healthy eating, smoking cessation, alcohol con-

sumption, and stress management), (6) both supervised and

home-based PA sessions, (7) assessments of fitness, and

(8) face-to-face counselling from exercise specialists regard-

ing PA within a community-based exercise program to sup-

port long-term PA adherence.40

Medical Research Council Development Stage 2

Application of theoretical framework to inform intervention
development. The target behavior selected for the MedEx

IMPACT intervention, upon completion of stage 1 of the BCW

process, was to increase cancer survivors’ levels of PA. Factors

that influence cancer survivors’ capability, opportunity, and

motivation to be physically active were identified through the

BCW, TDF, and findings from the focus groups (see Supple-

mentary Additional File 3). The salient COM-B and TDF con-

structs that were identified were mapped to 5 intervention

functions and 35 BCTs which were included within the MedEx

IMPACT intervention. Table 4 provides an overview of the

Cantwell et al 5



mapping process and links intervention components with the

selected BCTs. For example, within the supervised exercise

classes, exercise instructors demonstrate how exercises (eg,

squats, lunges) should be performed and subsequently provide

participants with feedback regarding their technique. As such,

the supervised exercise classes were mapped to the BCTs of

“4.1 Instruction on how to perform the behavior” and “2.2

Feedback on behavior.” Table 5 provides an overview of the

mapping process between the intervention components and the

COM-B model, TDF, and the selected intervention functions.

Table 3. Statements of Findings Generated From the Review of the Literature to Inform the Intervention Development Process.

Statements of Findings (Generated From Literature That Investigated the Determinants of Physical Activity
Behavior, Adherence, or Maintenance Among Survivors of Cancer)

Source, First
Author, Year

1. BMI, emergency room visits in the past year, and number of comorbidities were associated with lower levels
of PA among overweight or obese breast cancer survivors.

aLiu et al, 201614

2. Baseline fatigue and chronic musculoskeletal symptoms were significant determinants of PA maintenance
accounting for 20% of the variance among survivors of breast cancer following participation in a community-
based PA program.

aLee et al, 201645

3. Colorectal cancer survivors at risk for physical inactivity were those with low perceived behavioral control
for PA, low social norm for PA, who had neuropathy and were older.

aPackel et al, 201546

4. Older age, higher body mass index, lower self-efficacy, and less social support were significantly correlated
with lower PA among breast cancer survivors.

bKampshoff et al, 201647

5. Task self-efficacy played a more important role in exercise adoption among post-treatment breast cancer
survivors, whereas barrier self-efficacy played a more important role in exercise maintenance.

aShort et al, 201448

6. Higher task self-efficacy for resistance training and greater goal-setting behavior were identified as significant
predictors of meeting the resistance training guidelines among post-treatment breast cancer survivors.

aShort et al, 201448

7. Breast cancer survivors with poorer quality of life and higher fatigue, as well as those reporting lower
confidence to change behaviors and overcome barriers, less social support, and use of goal setting may be
most in need of physical activity intervention and/or additional support during intervention.

aShort et al, 201448

8. General self-efficacy and enjoyment were fundamental and important determinants in explaining PA among
breast cancer survivors. In contrast, the relationship between social support, lack of time, and lack of
company, and PA was more dynamic and dependent on the working status of the women. Only in working
breast cancer survivors did lack of time and lack of company prevent PA, whereas social support from
partner and friends contributed to more PA.

aCharlier et al, 201349

Statements of Findings (Generated From Literature That Investigated Physical Activity Behavior Change
Interventions for Survivors of Cancer)

Source, First
Author, Year

9. Community-based interventions that met in groups and used behavior change strategies (eg, cognitive
behavioral therapy) produced the largest improvement in physical functioning among survivors of
cancer.

bSwartz et al, 201750

10. Interventions that were associated with increased PA behavior among cancer survivors shared common
characteristics, including
� self-monitoring or coaching techniques in various combinations, with varying media, eg, several studies

supplied research-grade pedometers or accelerometers to participants, in addition to self-report tools, a
strategy known to support measurement validity and help participants monitor their progress.

� workshops (including PA-specific and nonspecific workshops) and/or peer support groups of some kind
during the intervention.

� individual counselling to motivate participants and address barriers to PA.
� home exercise and walking as the primary type of exercise were emphasized in all the interventions in

some form, which has also been a successful component in lifestyle studies with similar populations.

bBluethmann et al, 201551

11. An intervention based on social cognitive theory that included supervised and home-based exercise
sessions, face-to-face counselling sessions with an exercise specialist, and group discussion sessions
regarding self-efficacy, exercise barriers, behavioral capability, goal setting with self-monitoring, behavioral
modification strategies, time management, stress management, safety, cognitive reframing, relapse
prevention, and role models was effective in increasing PA, aerobic fitness, and quality of life among
survivors of breast cancer.

aRogers et al, 201552

12. Interventions that combine supervision of exercise training in tandem with a requirement for independent
exercise are likely to promote better adherence to PA among cancer survivors.

bBourke, 201312

13. Programming set goals, prompting self-monitoring and practicing and generalizing behavior are common
features of interventions that have reported better adherence to PA among cancer survivors.

bBourke et al, 201312

Abbreviations: BMI, body mass index; PA, physical activity.
aA primary research paper
bA systematic review, meta-analysis, and/or review paper.
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Table 4. Mapping of the MedEx IMPACT Intervention Components to the Selected Behavior Change Techniques.

Behavior Change Techniques

Intervention Components

Supervised
Exercise
Classes

Physical
Activity
Manual

Physical
Activity
Logbook Pedometer

Physical Activity
Information

Sessions
1:1 Exercise
Consultation

Assessments of
Physical and

Psychological Health

1.1 Goal setting behavior P P P

1.2 Problem solving P P P

1.3 Goal setting (outcome) P P

1.4 Action planning P P P

1.5 Review behavior goal(s) P P P

1.6 Discrepancy between current behavior
and goal

P P

1.7 Review outcome goal(s) P P

1.8 Behavioral contract P P

1.9 Commitment P

2.2 Feedback on behavior P P P P P P

2.3 Self-monitoring of behavior P P P P P P

2.4 Self-monitoring of outcome of behavior P P P P P P

2.6 Biofeedback P

2.7 Monitor and provide feedback on the
outcome of performance of the behavior

P P P

3.1 Social support (unspecified) P P P P

4.1 Instruction on how to perform the behavior P P P

5.1 Information about health consequences P

5.2 Salience of consequences P

5.3 Information about social and
environmental consequences

P

5.4 Monitoring of emotional consequences P P

5.6 Information about emotional consequences P

6.1 Demonstration of the behavior P P

7.1 Prompts/cues P

8.1 Behavioral practice/rehearsal P P P P P P

8.2 Behavior substitution P

8.3 Habit formation P P P P P

8.4 Habit reversal P

8.6 Generalization of a target behavior P P P P P

8.7 Graded tasks P P P P P P

9.1 Credible source P

9.2 Pros and cons P

12.1 Restructuring the physical environment P P

12.2 Restructuring the social environment P P

15.1 Verbal persuasion about capability P P

15.3 Focus on past success P P P

Abbreviation: IMPACT, IMprove Physical Activity after Cancer Treatment.
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Operationalizing findings into intervention components. Table 6

details the mapping of focus group recommendations and state-

ments of findings generated from the review of the literature to

intervention components. In the first column in Table 6, rele-

vant papers which supported focus groups findings are listed.

This is to aid the incremental advances within this area through

synthesis of existing evidence-building within intervention

development.

Medical Research Council Development Stage 3

Stakeholder expert panel findings. An overview of the feedback

from the SEP is reported in Supplementary Additional File 4

under the following headings: (1) description of expert feed-

back; (2) illustrative quote of the issue, and (3) recommenda-

tion/how it is addressed within the MedEx IMPACT

intervention.

Table 5. Mapping of the MedEx IMPACT Intervention Components to the COM-B Model, TDF, and the Selected Intervention Functions.

Intervention Component COM-B Constructs TDF Constructs BCW Intervention Functions

Supervised exercise classes Capability—physical and
psychological

Opportunity—physical and
social

Knowledge
Skills
Memory, attention, and decision processes
Behavioral regulation
Environmental context and resources
Goals

Education
Training
Environmental restructuring
Enablement

Physical activity manual Capability—physical and
psychological

Opportunity—physical

Knowledge
Skills
Memory, attention, and decision processes
Behavioral regulation
Environmental context and resources
Goals

Education
Training
Environmental restructuring
Enablement

Physical activity logbook Capability—psychological

Motivation—Reflective

Knowledge
Skills
Memory, attention, and decision processes
Behavioral regulation
Environmental context and resources
Goals

Education
Training
Environmental restructuring
Enablement

Pedometer Capability—psychological

Motivation—reflective and
automatic

Knowledge
Skills
Memory, attention, and decision processes
Behavioral regulation
Environmental context and resources
Goals

Education
Training
Environmental restructuring
Enablement

Physical activity information
sessions

Capability—psychological

Opportunity—physical and
social

Motivation—reflective and
automatic

Knowledge
Memory, attention, and decision processes
Behavioral regulation
Beliefs about capabilities
Beliefs about consequences
Goals
Environmental context and resources

Education
Persuasion
Training
Environmental restructuring
Enablement

1:1 Exercise consultation Capability—psychological

Opportunity—physical and
social

Motivation—reflective and
automatic

Knowledge
Skills
Behavioral regulation
Beliefs about capabilities
Intentions
Goals

Education
Persuasion
Training
Environmental restructuring
Enablement

Assessments of physical and
psychological health

Motivation—reflective and
automatic

Knowledge
Environmental context and resources
Behavioral regulation
Beliefs about capabilities
Beliefs about consequences
Goals
Reinforcement

Education
Persuasion
Environmental restructuring
Enablement

Abbreviations: BCW, Behaviour Change Wheel; COM-B, Capability, Opportunity, and Motivation Model of Behavior; IMPACT, IMprove Physical Activity after
Cancer Treatment; TDF, Theoretical Domains Framework.

8 Cancer Control



The range of experts deemed that the intervention was

acceptable and would educate, motivate, and encourage parti-

cipants attending the 12-week program to continue to be phy-

sically active upon completion of the supervised exercise

classes. A number of recommendations to optimize interven-

tion implementation and impact were proposed and are pre-

sented in Supplementary Additional File 4. An example of

feedback received from the SEP was that within the 1:1 exer-

cise consultations, there was the potential for participants to

disclose or discuss issues of a personal/sensitive nature that

may not directly relate to PA participation. To address this, the

lead investigator (MC) MC responsible for intervention

implementation received training from a cancer patient support

services coordinator regarding how the boundaries of consulta-

tions could be clearly defined to ensure participants were aware

of the aims of the session. Members of the research team

involved in intervention delivery received training from MC

following this session. Protocols were also developed to clearly

describe how issues raised by participants, which were beyond

the scope of the intervention, should be addressed. This

included identifying external support services that participants

could be sign-posted and/or referred to.

An overview of the proposed components and timeline for

the MedEx IMPACT intervention are presented in Tables 7 and

Table 6. Mapping of Focus Group Recommendations and Statements of Findings Generated From the Review of the Literature to the MedEx
IMPACT Intervention Components.

Associated Statements of Findings:
Statement Number Focus Group Recommendation Intervention Component

114

346

447

5-748

849

950

1051

1152

12-1312

Individualized exercise prescription

Exercising as part of a group of individuals who have completed
treatment for cancer

Supervised exercise classes and a home-based exercise program

Supervised exercise classes

114

346

447

5-748

849

950

1051

1152

12-1312

Supervised exercise classes and a home-based exercise program Physical activity manual

114

346

447

5-748

849

950

1051

1152

12-1312

Goal setting and action planning

Quantifying and measuring physical activity

Physical activity logbook

114

346

447

5-748

849

950

1051

12-1312

Quantifying and measuring physical activity Pedometer

114

346

447

5-748

849

950

1051

1152

12-1312

Face-to-face counselling from exercise specialists regarding
physical activity

Individualized exercise prescription

Goal setting and action planning

Physical activity information
sessions

114

346

447

5-748

849

950

1051

1152

12-1312

Individualized exercise prescription

Goal setting and action planning

1:1 exercise consultation

114

245

447

5-748

849

950

1152

12-1312

Goal setting and action planning

Fitness assessments

Assessments of physical and
psychological health

Abbreviation: IMPACT, IMprove Physical Activity after Cancer Treatment.
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8. Supplementary Additional File 5 includes the Template for

Intervention Description and Replication (TIDieR) checklist to

ensure the completeness of reporting and replicability of

interventions.53

Discussion

The aim of this article was to systematically describe the devel-

opment of the MedEx IMPACT intervention, a mult-icomponent

PABC intervention that aims to increase cancer survivors’ PA

levels. This intervention extends behavioral science methodol-

ogy as it is, to the authors’ knowledge, the first PABC interven-

tion for survivors of cancer that has been developed using the

MRC framework for the development, implementation, and eva-

luation of complex interventions, the BCW and TDF.

Theoretically informed interventions have the potential to

increase the efficacy of PABC interventions for survivors of

cancer by providing a valuable insight into the relation between

targeted constructs and their impact on the desired behavior.23

However, the application of theory within PABC studies for

individuals living with and beyond cancer is generally poor,

with many studies failing to outline explicit links between the

theoretical framework cited and the design, implementation,

and evaluation of the intervention.23 Systematic reporting and

greater transparency regarding how theory has informed and is

embedded within PABC interventions are required in order to

further advance our understanding of its role in optimizing

intervention effectiveness and to facilitate intervention replic-

ability.22,23 The use of the TIDieR checklist is advocated to

overcome insufficiently detailed reporting within interventions

and assist the implementation of interventions in clinical

practice.53

The development of the MedEx IMPACT intervention

contributes to the advancement of implementation science

and intervention design research by providing a detailed

account of the intervention development process and clearly

outlining how BC theory has informed, and been embedded

within, a PABC intervention for individuals living with and

beyond cancer. The systematic approach to the design

process led to the development of a novel intervention that

is patient-centered, evidenced-based and theoretically-

informed. It is becoming increasingly recognized that

implementation strategies are essential to achieving the full

benefits of evidence-based health care.54 The delivery of

this intervention within a real-world setting will provide

important insights regarding intervention implementation

and effectiveness to that end. Given that the ultimate goal

of intervention development is to optimize patient care, the

need for an understanding of the factors that contribute to

intervention success and/or failure is urgently needed in

order to facilitate greater likelihood of intervention success

and more appropriate resource allocation.40

As the burden of cancer continues to grow,2 so too does

the need to develop effective interventions that can support

Table 7. The Components of the MedEx IMPACT Intervention.

Intervention Component Description

Supervised exercise classes Participants attend a community-based exercise programa that consists of two 60-minute supervised
exercise classes each week for 12 weeks.

Independent physical activity program This consists of a PA manual, a pedometer, and a PA logbook. Participants receive these materials in
week 4 of the 12-week program.

Physical activity manual Participants receive a PA manual and are encouraged to supplement attendance at the supervised
exercise classes with use of this manual at home.

Pedometer Participants receive a research-grade pedometer and are encouraged to wear the pedometer daily.

Physical activity logbook Participants receive a PA logbook and are encouraged to record their daily step counts and
minutes of PA.

Physical activity information sessions Participants attend four 30-minute PA information sessions in weeks 0, 4, 6, and 10 of the intervention.
Session 1 discusses the benefits of PA for health and an overview of the MedEx IMPACT. Intervention
is presented. Issues and concerns for being physically active after cancer treatment are also discussed.
Session 2 focuses on introducing participants to the PA manual, pedometer, and PA log book. Session
3 focuses on setting individualized PA goals. The group discusses challenges to PA participation and
solutions to overcome these difficulties. Session 4 focuses on reviewing PA goals. Long-term
strategies to support habitual PA and manage lapses in PA behavior are discussed.

1:1 Exercise consultation Participants attend a 15-minute 1:1 exercise consultation in week 10, 11, or 12 of the intervention which
focuses on developing an individualized action plan for PA to guide PA upon completion of the
supervised exercise classes.

Assessments of physical and
psychological health

Participants complete assessments of physical function, PA levels, and quality of life at baseline and
months 3, 6, and 12. Participants attend a group exercise consultation at each assessment and receive
feedback reports at months 3, 6, and 12.

Abbreviations: IMPACT, IMprove Physical Activity after Cancer Treatment; PA, physical activity.
aA community-based exercise rehabilitation program is defined, in this instance, as a supervised, structured, group exercise program that takes place in
a community-based setting, such as a local gym or sports hall.
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individuals living with and beyond cancer to become habi-

tually physically active, optimize their physical and psychoso-

cial well-being, and reduce their risk of cancer morbidity and

mortality.12,20 The potential impact of previous PABC inter-

ventions may have been limited due to a poor understanding of

the needs and challenges facing survivors of cancer in adopt-

ing PA and the poor application/lack of theory within the

intervention development process. Selected intervention strate-

gies may be chosen to overcome expected barriers based on

previous experience, as opposed to systematically identifying

salient barriers for the chosen population prior to intervention

implementation.54 In addition, health care professionals may

not be providing sufficient guidance to survivors of cancer to

achieve PA adoption and adherence due to a lack of knowl-

edge of PA prescription for survivors of cancer and a lack of

resources regarding PA for this population.55

As individuals’ PA behavior can be affected by cancer type,

treatment modality, and stage of the cancer journey, it is essen-

tial that intervention designers identify the motivators and bar-

riers to PA participation that are salient to the cancer cohort that

an intervention is intended to benefit. This information can

inform a more appropriate selection of BCTs to support the

desired BC and could therefore contribute to an increased like-

lihood of intervention success.

Strengths and Limitations

Although many previous PABC interventions for survivors

having cancer have reported using theory, the majority fail to

provide a transparent overview of how theory has informed and

is embedded within interventions. This research aims to

address this gap within the scientific literature and enable

greater transparency to assist with future intervention replica-

tion. Another strength of this work is how data derived from a

number of sources were synthesized to inform and guide the

intervention development process and thus enabled the devel-

opment of an intervention that is patient-centered, evidenced-

based, and theoretically-informed.

The scientific literature that was used to inform the devel-

opment of MedEx IMPACT largely focused on survivors of

breast, prostate, and colorectal cancer. Focus group recommen-

dations were obtained from the intended intervention end users.

As such, the BCTs embedded within the intervention may not

be salient to other cancer cohorts who were not represented and

therefore not generalizable to the broader community of indi-

viduals living with and beyond cancer. Future research which

investigates the implementation and evaluation of MedEx

IMPACT within cohorts of survivors of cancer who have had

less common cancer diagnoses and in different socioeconomic

settings is therefore warranted.

Table 8. The Timeline for the MedEx Impact Intervention.

Twice-Weekly
Supervised

Exercise Classes

Physical Activity Manual
(Used to Supplement

Attendance at Supervised
Exercise Classes)a,b

Pedometer
(Worn Daily)b

Physical Activity
Logbook (Records

Kept Daily)b

Physical Activity
Information

Sessions
1:1 Exercise

Consultationc

Assessments of
Physical and
Psychological

Health

Week

0 P P

1 P

2 P

3 P

4 P P P P P

5 P P P P

6 P P P P P

7 P P P P

8 P P P P

9 P P P P

10 P P P P P P

11 P P P P P

12 P P P P P P

24 P

52 P

Abbreviation: IMPACT, IMprove Physical Activity after Cancer Treatment.
aParticipants are encouraged to supplement attendance at the supervised exercise classes with (1) � 1 independent exercise session(s) from week 4-8, (2) �2
independent exercise sessions from week 9-12.

bParticipants are encouraged to continue use of this component of the intervention following completion of the 12-week supervised exercise classes.
cThe exercise consultation took place in either week 10, 11, or 12.

Cantwell et al 11



Conclusion

The integration of patient developed recommendations with

evidence from the scientific literature and theoretical frame-

works of BC could assist in the development of effective PABC

interventions for survivors of cancer. The absence of this com-

bined approach may have contributed to the dearth of effective

interventions for this population to date. The synthesis of find-

ings from this formative research guided by the MRC frame-

work, BCW, and TDF has resulted in the development of a

novel intervention to support increased PA participation by

individuals living with and beyond cancer. The next phase in

this research is to test the acceptability and effectiveness of the

MedEx IMPACT intervention.
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Effects of supervised exercise on cancer-related fatigue in breast

cancer survivors: a systematic review and meta-analysis. BMC

Cancer. 2015;15:77. doi:10.1186/s12885-015-1069-4

19. Rock CL, Doyle C, Demark-Wahnefried W, et al. Nutrition and

physical activity guidelines for cancer survivors. CA Cancer J

Clin. 2012;62(4):243-274. doi:10.3322/caac.21142

20. Courneya KS, Rogers LQ, Campbell KL, Vallance JK, Frieden-

reich C. Top 10 research questions related to physical activity and

cancer survivorship. Res Q Exerc Sport.2015;86(2):107-116.

doi:10.1080/02701367.2015.991265

21. Grimmett C, Corbett T, Brunet J, et al. Systematic review and

meta-analysis of maintenance of physical activity behaviour

change in cancer survivors. Int J Behav Nutr Phys Act. 2019;

16(1):37. doi:10.1186/s12966-019-0787-4

22. Michie S, Johnston M, Abraham C, Lawton R, Parker D. Walker

A. Making psychological theory useful for implementing evi-

dence based practice: a consensus approach. Qual Saf Health

Care. 2005;14(1):26-33.

23. Bluethmann SM, Bartholomew LK, Murphy CC, Vernon SW.

Use of theory in behaviour change interventions: an analysis of

programs to increase physical activity in posttreatment breast

cancer survivors. Health Educ Behav. 2017;44(2):245-253.

doi:10.1177/1090198116647712

24. Keller C, Fleury J, Sidani S, Ainsworth B. Fidelity to theory in

physical activity intervention research. West J Nurs Res. 2009;

31(3):289-311. doi:10.1177/0193945908326067

25. Wallace LM, Brown KE, Hilton S. Planning for, implementing

and assessing the impact of health promotion and behaviour

change interventions: a way forward for health psychologists.

Health Psychol Rev. 2014;8(1):8-33. doi:10.108 0/17437199.

2013.775629

26. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew

M. Developing and evaluating complex interventions: the new

medical research council guidance. BMJ. 2008;337(a1655). doi:

10.1136/bmj.a1655

27. Stacey FG, James EL, Chapman K, Courneya KS, Lubans DR. A

systematic review and meta-analysis of social cognitive theory-

based physical activity and/or nutrition behavior change interven-

tions for cancer survivors. J Cancer Surviv, 2015;9(2):305-338.

doi:10.1007/s11764-014-0413-z

28. West R. Time for a change: putting the transtheoretical (stages of

change) model to rest. Addiction. 2005;100(8):1036-1039.

29. Michie S, van Stralen MM, West R. The behaviour change wheel: a

new method of characterising and designing behaviour change inter-

ventions. Implement Sci. 2011;6(42). doi:10.1186/1748-5908-6-42

30. Michie S, Atkins L, West R. The Behaviour Change Wheel a

Guide to Designing Interventions. Great Britain: Silverback Pub-

lishing; 2014.

31. Cane J, O’Connor D, Michie S. Validation of the theoretical

domains framework for use in behaviour change and implemen-

tation research. Implement Sci. 2012;7(37). doi:10.1186/1748-

5908-7-37

32. West R, Michie S. Applying the Behaviour Change Wheel a Very

Brief Guide; 2015. https://www.ucl.ac.uk/behaviour-change/files/

bcw-summary.pdf. Accessed May 11, 2019.

33. French SD, Green SE, O’Connor DA, et al. Developing theory-

informed behaviour change interventions to implement evidence into

practice a systematic approach using the theoretical domains frame-

work. Implement Sci. 2012;7(38). doi:10.1186/1748-5908-7-38

34. Johnson DS, Bush MT, Brandzel S, Wernli K. The patient voice in

research—evolution of a role. Res Involv Engagem. 2016;2(6).

doi:10.1186/s40900-016-0020-4.0

35. Staniszewska S, Brett J, Simera I, et al. GRIPP2 reporting check-

lists: tools to improve reporting of patient and public involvement

in research. BMJ. 2017;358(j3453). doi:10.1136/bmj.j3453

36. McKirdy J. Patient and public involvement in research. Division of

Clinical Psychology Scotland Review. 2015. https://www.chrysm-

associates.co.uk/images/dcpscotlandreview.pdf#page¼17.

Accessed May 11, 2019.

37. Brett J, Staniszewska S, Mockford C, et al. Mapping the impact of

patient and public involvement on health and social care research

a systematic review. Health Expect. 2014;17(5):637-650. doi:10.

1111/j.1369-7625.2012.00795.x

38. Woods C, McCaffrey N, Furlong B, et al. The National Exercise

Referral Framework. Health and Wellbeing Division, Health Ser-

vice Executive. 2016. http://www.lenus.ie/hse/bitstream/10147/

619111/1/NERF.pdf. Accessed April 8, 2019.

39. Braun V, Clarke V. Using thematic analysis in psychology. Qual

Res Psychol. 2006;3(2):77-101. doi:10.1191/1478088706qp063oa

40. Cantwell M, Walsh D, Furlong B, et al. Physical activity across

the cancer journey: experiences and recommendations from peo-

ple living with and beyond cancer. Phys Ther. 2019. pii: pzz136.

doi: 10.1093/ptj/pzz

41. Bandura A. Health promotion from the perspective of social cog-

nitive theory. Psychol Health. 1998;13(4):623-649. doi:10.1080/

08870449808407422

42. Prochaska JO, Velicer WF. The transtheoretical model of health

behaviour change. Am J Health Promot. 1997;12(1):38-48.

43. Gardner B, Whittington C, McAteer J, Eccles MP, Michie S.

Using theory to synthesise evidence from behaviour change inter-

ventions the example of audit and feedback. Soc Sci Med. 2010;

70(10):1618-1625. doi:10.1016/j.socscimed.2010.01.039

44. Michie S, Richardson M, Johnston M, et al. The behavior change

technique taxonomy (v1) of 93 hierarchically clustered tech-

niques: building an international consensus for the reporting of

behavior change interventions. Ann Behav Med. 2013;46(1):

81-95. doi:10.1007/s12160-013-9486-6

45. Lee CE, Von Ah D, Szuck B Lau YKJ. Determinants of physical

activity maintenance in breast cancer survivors after a

community-based intervention. Oncol Nurs Forum. 2016;43(1):

93-102. doi:10.1188/16.ONF.43-01AP

46. Packel LB, Witt-Prehn A, Anderson CL, Fisher PL. Factors influ-

encing physical activity behaviours in colorectal cancer survivors.

Am J Health Promot. 2015;30(2):85-92. doi:10.4278/ajhp.

140103-QUAN-7

47. Kampshoff CS, Stacey F, Short CE, et al. Demographic, clinical,

psychosocial, and environmental correlates of objectively

assessed physical activity among breast cancer survivors. Support

Cantwell et al 13

https://www.ucl.ac.uk/behaviour-change/files/bcw-summary.pdf
https://www.ucl.ac.uk/behaviour-change/files/bcw-summary.pdf
https://www.chrysm-associates.co.uk/images/dcpscotlandreview.pdf#page=17
https://www.chrysm-associates.co.uk/images/dcpscotlandreview.pdf#page=17
https://www.chrysm-associates.co.uk/images/dcpscotlandreview.pdf#page=17
http://www.lenus.ie/hse/bitstream/10147/619111/1/NERF.pdf
http://www.lenus.ie/hse/bitstream/10147/619111/1/NERF.pdf


Care Cancer.2016;24(8):3333-3342. doi:10.1007/s00520-016-

3148-8

48. Short CE, James EL, Vandelanotte C, et al. Correlates of resis-

tance training in post treatment breast cancer survivors. Support

Care Cancer. 2014;22(10):2757-2766. doi:10.1007/s00520-014-

2273-5

49. Charlier C, van Hoof E, Pauwels E, Lechner L, Spittaels H, De

Bourdeaudhuij I. The contribution of general and cancer-related

variables in explaining physical activity in a breast cancer popu-

lation 3 weeks to 6 months post-treatment. Psychooncology.

2013;22(1):203-211. doi:10.1002/pon.2079

50. Swartz MC, Lewis ZH, Lyons EJ. et al. Effect of home and

community-based physical activity interventions on physical

function among cancer survivors a systematic review and

meta analysis. Arch Phys Med Rehabil. 2017;98(8):1652-1665.

doi:10.1016/j.apmr.2017.03.017

51. Bluethmann SM, Vernon SW, Gabriel KP, Murphy CC,

Bartholomew KL. Taking the next step a systematic review

and meta-analysis of physical activity and behavior change

interventions in recent post-treatment breast cancer survivors.

Breast Cancer Res Treat. 2015;149(2):331-342. doi:10.1007/

s10549-014-3255-5

52. Rogers L, Courneya KS, Anton PM, et al. Effects of the BEAT

Cancer physical activity behavior change intervention on phys-

ical activity, aerobic fitness, and quality of life in breast cancer

survivors: a multicentre randomised controlled trial. Breast

Cancer Res Treat. 2015;149(1):109-119. doi:10.1007/s10549-

014-3216-z

53. Hoffman TC, Glasziou PP, Boutron I, et al. Better reporting of

interventions: template for intervention description and replica-

tion (TIDieR) checklist and guide. BMJ. 2014;348:g1687.doi:10.

1136/bmj.g1687

54. McHugh S, Sinnott C, Racine E, et al. ‘Around the edges’ using

behaviour change techniques to characterise a multilevel imple-

mentation strategy for a fall prevention programme. Implement

Sci. 2018;13(1):113. doi:10.1186/s13012-018-0798-6

55. Cantwell M, Walsh D, Furlong B, et al. Healthcare professionals’

knowledge and practice of physical activity promotion in cancer

care: challenges and solutions. Eur J Cancer Care. 2018;27(2):

e12795. doi:10.1111/ecc.12795

14 Cancer Control



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


